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© A method of forming an oxide layer on a substrate. 



3 

CO 



CO 

o 

CO 



CL 
LU 



© A method of forming an oxide layer on a sub- 
strate includes supplying an oxygen-containing gas 
to a chamber containing a substrate, providing de- 
fect oxide material within the chamber and irradiating 
the substrate with an electromagnetic radiation 
source, for example using an ultra-violet laser or an 
ultra-viblet lamp, to cause photolytic dissociation of 
the oxygen-containing gas to provide oxygen atoms 
in the vicinity of the defect oxide material within the 
chamber so that oxygen atoms are incorporated in 
the defect oxide material to provide a layer of defect 
oxide material with desired oxygen content on the 
substrate. The defect oxide material with the desired 
oxygen content may be a high temperature super- 
conducting mixed oxide such as YBa 2 Cu306.8. 
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A METHOD OF FORMING AN OXIDE LAYER ON A SUBSTRATE 



FIELD OF THE INVENTION 

This invention relates to a method of forming 
an oxide layer on a substrate. 



BACKGROUND OF THE INVENTION 

As described in, for example, Physical Review 
Letters 20th April, 1987 Vol 58 No 16 at pages 
1676 to 1679 and various papers in the special 
section on high Tc oxide superconductors pub- 
lished in the Japanese Journal of Applied Physics 
Part 2 Vol 26 (1987) No 4, recently ceramic materi- 
als have been produced which are capable of be- 
coming superconducting at high temperatures, that 
is around 90-100 K (degrees Kelvin). These ce- 
ramic materials comprise, as described in the 
afore-mentioned papers, mixed oxides of rare 
earth, barium (or calcium or strontium) and copper, 
having a defect oxide structure, for example in the 
form of a distorted oxygen deficient perovskite 
structure. The rare earth may. for example, be 
lanthanum or yttrium which although not strictly a 
rare earth (that is a member of the lanthanide 
series) has very similar properties. 

The oxygen content of these mixed oxides is 
considered to be of importance in providing the 
mechanism for superconductivity and in determin- 
ing the abruptness of the transition to and from the 
superconducting state and , particularly for mixed 
defect oxides of the general formula L a A b B c 0 7 . x - 
(where L is a lanthanide or yttrrium, A is strontium, 
barium or calcium, B copper and 0 < x < 1), the 
degree of oxygen deficiency required (as indicated 
by the value of x) for the material to be a high 
temperature superconductor is rather precisely de- 
fined. Thus, for example, for YBa 2 Cu307. x it seems 
that x should be 0.1 or 0.2, preferably less than 
0.1. 

Bulk samples of such mixed oxides can be 
made by a variety of techniques (see the afore- 
mentioned papers) all of which involve sintering at 
approximately 950 degrees Celsius for several 
hours in an oxygen containing atmosphere. Thin 
films can be prepared by sputtering or evaporating 
the bulk material, but a high temperature 
(approximately 950 degrees Celsius) oxygen treat- 
ment is usually then needed to restore the correct 
degree of oxygen deficiency and the high tempera- 
ture superconductivity properties. Other thin film 
technologies such as spray pyrolysis or plasma 
spraying can be used, but again a high substrate 
temperature is necessary. Such high temperatures 



are undesirable since they restrict the choice of 
substrates and other processing technologies 
which may be used and therefore make it difficult 
to combine the preparation of such thin films with 
5 semiconductor, for example silicon, processing 
technology as is necessary if integrated devices 
are to be made. 



10 SUMMARY OF THE INVENTION 

According to a first aspect of the present in- 
vention, there is provided a method of forming an 
oxide layer on a substrate, which method com- 

15 prises supplying an oxygen-containing gas to a 
chamber containing a substrate, providing defect 
oxide material within the chamber and irradiating 
the substrate with an electromagnetic radiation 
source to cause photolytic dissociation of the 

20 oxygen-containing gas to provide oxygen atoms in 
the vicinity of the defect oxide material within the 
chamber so that oxygen atoms are incorporated in 
the defect oxide material to provide a layer of 
defect oxide material with a desired oxygen content 

25 on the substrate. 

The electromagnetic radiation source is prefer- 
ably an ultraviolet source, such as a laser, or an 
ultra-violet lamp with a wavelength or range of 
wavelengths in the range of from I60nm to 250nm. 

30 As used herein, the term defect oxide should 

be understood to mean an oxide, such as a mixed 
oxide, which is oxygen deficient and non- 
stoichiometric, one example of a defect oxide ma- 
terial is the high temperature superconducting 

35 mixed oxide YBa 2 Cu 3 0 8 .8 which if stoichiometric 
and not deficient in oxygen would have the formula 
YBa 2 CU 3 0 9 . 

A method embodying the invention thus en- 
ables the oxygen content of a layer of defect oxide 

40 material to be adjusted without the need for high 
temperature processing so facilitating combining of 
the techniques necessary for producing such films 
with semiconductor processing technology. 

The desired oxygen-annealing of the supercon- 

45 ducting material at lower temperatures and also for 
shorter time periods is believed to be a result of 
the creation of ozone or oxygen in a singlet state in 
the reaction chamber, the ozone or singlet-state 
oxygen being far more reactive than normal oxy- 

so gen thus enhancing the annealing, oxidation, or 
other desired reaction and also improving the un- 
formity of the oxygen-annealing effect. This im- 
proved processing will be effective for bufk materi- 
als as well as for layers or films but the application 
to the latter will be more significant. 
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The defect oxide material may be provided as 
a layer on the substrate. The defect oxide material 
may be deposited onto the substrate whilst irradiat- 
ing the substrate to cause photolytic dissociation of 
the oxygen-containing gas to provide oxygen 
atoms to be incorporated in the material being 
deposited. The defect oxide material may be de- 
posited on the substrate using, for example, a 
sputtering, spray pyrolysis or plasma spraying 
technique. 

Detecting means may be used to provide a 
signal indicating the oxidation state of defect oxide 
material on the substrate and supplying the signal 
to control means for controlling the electromagnetic 
radiation source and/or the supply of oxygen-con- 
taining gas. Thus, the oxygen content of the defect 
oxide material on the substrate may be monitored 
and the electromagnetic radiation source controlled 
to enable a desired oxygen content to be attained. 
The detecting means may comprise a further elec- 
tromagnetic radiation source directed at the sub- 
strate and means for detecting electromagnetic ra- 
diation from the further electromagnetic radiation 
source reflected from the defect oxide material on 
the substrate. Thus, the oxygen content may be 
monitored by examining the reflectance spectrum 
of the defect oxide material layer on the substrate 
and using spectral features which are indicative of . 
the desired oxidation state of one or more ele- 
ments within the defect oxide material layer for 
controlling the electromagnetic radiation source 
and/or the supply of oxygen-containing gas. 

Alternatively or additionally, detecting means 
may be used to provide a signal indicating the 
resistivity and/or the magnetic susceptibility of the 
defect oxide material on the Substrate and sup- 
plying the signal to control means for controlling 
the electromagnetic radiation source and/or the 
supply of oxygen-containing gas. A method em- 
bodying the invention may comprise using as the 
defect oxide materia* a high temperature supercon- 
ductor mixed oxide comprising oxides of copper 
and one or more of the elements of the group 
consisting of the lanthanides and yttrium. Thus, for 
example, the mixed oxide may be of the general 
formula L a A b B c 0 7 .x, where L is selected from the 
group consisting of yttrium and the lanthanides, A 
is selected from the group consisting of strontium, 
barium and calcium, B is copper, x lies in the 
range 0 < x < 1, preferably in the range 0 < x < 
0.5, and a, b, c, indicate relative proportions of L t 
A, B. 

The mixed oxide may be LBa2Cu3 0 7 . x , a, b, c, 
normally being, as indicated, in the ratio 1:2:3. 

In a second aspect, the present invention pro- 
vides a method of manufacturing a semiconductor 



device whenever using a method in accordance 
with the first aspect and/or an oxide layer formed 
by a method in accordance with the first aspect of 
* the invention. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention will now be de- 
io scribed, by way of example, with reference to the 
accompany drawings, in which: 

Figure 1 illustrates diagrammatically, and 
partly in section and not to scale, apparatus for 
carrying out a first method embodying the inven- 
75 tion; and 

Figure 2 illustrates diagrammatically, and 
partly in section and not to scaie, apparatus for 
carrying out a second method embodying the in- 
vention. 

20 

DETAILED DESCRIPTION OF EMBODIMENTS 

Referring now to be drawing, the apparatus 

25 illustrated in Figure 1 comprises a conventional 
evaporation or sputtering chamber 1 having a first 
support 2 for a source of the material to be evap- 
orated or sputtered, and a second support 4 for a 
substrate 5 onto which material is to be deposited 

30 by evaporation or sputtering. 

A source 11 of an oxygen-containing gas is" 
conected to the chamber 1 via a valve 12. 

A first electromagnetic radiation source 6 ca- 
pable of producing ultraviolet radiation is positioned 

35 outside the chamber 1 so as to enable ultraviolet 
radiation from the source 6 to be directed through 
a window 7 of the chamber 1 towards a substrate 5 
mounted on the second support 4. 

A second electromagnetic radiation source 8 is 

40 positioned outside the chamber 1 so as to enable 
radiation from the source 8 to be directed through 
the window 7a towards a substrate 5 mounted on 
the second support 4. 

The first electromagnetic radiation source 6 

45 provides electromagnetic radiation having a 
wavelength or range of wavelengths capable of 
causing photolytic dissociation of oxygen contain- 
ing gas introduced into the chamber from the 
source 11 and may. for example, be a pulsed or 

so continuous wave (CW) laser or an incoherent UV 
source with a wavelength which is typically in the 
range of from I60nm to 250nm. The_ second elec- 
tromagnetic radiation source 8 is provided to en- 
able optical features characteristic of a desired 

55 oxide layer to be detected and may be a pulsed or 
CW laser or an incoherent source, for example a 
lamp and spectrometer. 

A detector 9 is provided to detect radiation 
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from the second source 8 reflected from the sub- 
strate and passing through a window 7b of the 
chamber 1. The detector 9 provides a signal to a 
control unit 10 which comprises level detection and 
servo-control circuitry for controlling operation of 
the first radiation source 6 and/or the valve 12. 

As in conventional sputtering or evaporation 
apparatus, a pump 13 is connected to the chamber 

I via a valve 14 to enable the necessary low 
pressure required for evaporation or sputtering to 
be obtained within the chamber 1 . The chamber 1 
is also provided with the conventional apparatus 
necessary for enabling sputtering (for example RF 
(radio frequency) or planar magnetron sputtering) 
andtor evaporation from the target or source 3, 
although for the sake of simplicity this is not shown 
in the Figure. 

A method embodying the invention will now be 
described. 

A bulk sample of a high temperature supercon- 
ducting ceramic, that is a defect mixed oxide of the 
general formula L a A b B c 07. x , where L is selected 
from the group consisting of yttrium and the lan- 
thanides or rare earths, A is selected from the 
group consisting of strontium, barium, and calcium, 
B is copper, x lies in the range 0 < x < 1 and a, b, 
c, indicate the relative proportions of L, A, B and 
generally are in the ratio a : b : c is 1 ; 2 ; 3. 

Taking for example the mixed oxide 
YBa2CU 3 0 7 . x (0 < x < 1), a bulk sample of the 
mixed oxide may be prepared as described in 
Applied Physics Letters Vol 58 No 16 at pages 
1676 to 1679. 

At this stage, the appearance of the high tem- 
perature superconducting ceramic is black and the 
oxygen content determined by subjecting a sample 
of the bulk material to an oxygen content determin- 
ing process such as that described in Applied 
Physics Letters Vol 58 No 16 at pages 1676 to 
1679. 

The remainder of the bulk sample is then 
mounted as the target or source 3 within the cham- 
ber and a substrate (composed of, for example, 
strontium titanate (SrTiOa) or barium titanate 
(BaTi03)) is mounted on the second support 4. The 
pressure within the chamber 1 is then by operation 
of the pump 13 reduced to, typically. 10~ 7 millibars 
(10~ 5 Pa) as for conventional sputtering and a gas 
mixture comprising an oxygen-containing gas such 
as N2O (or ozone) and argon (required for the 
sputtering process) is introduced from the supply 

II via the valve 12. 

The sputtering equipment is activated to cause 
sputtering (indicated diagrammatically by arrows A 
in the Figure) of the source onto the substrate 5. 
Activation of the first electromagnetic radiation 
source 6 causes photoiytic dissociation of the 
oxygen-containing gas and the thus-produced oxy- 



gen atoms are incorporated into the sputtered ma- 
terial being deposited on the substrate 5 as a layer 
15 of defect oxide. 

The second electromagnetic radiation souce 8 
5 is directed at the layer being deposited on the 
substrate 5 and light from the second electromag- 
netic radiation source reflected by the layer 15 
being deposited is detected by a detector 9 which 
analyses the reflectance spectrum using features of 

10 the spectrum indicative of the desired oxidation 
state of the elements. The detector 9 sends a 
control signal to the control unit 10 which controls 
operation of the first radiation source 6 and/or the 
oxygen-containing gas supply valve 12. Thus, for 

75 example where the first radiation source 6 is a 
pulsed laser, the pulse repetition rate may be in- 
creased (or decreased) if the oxygen content of the 
film or layer being deposited is determined to be 
too low (or too high) or in other circumstances the 

20 intensity of the first radiation source may be appro- 
priately adjusted. Similarly, the valve 12 may be 
controlled to increase or decrease the supply of 
oxygen containing gas if the oxygen content of the 
layer being deposited is determined to be too low 

25 or too high respectively. By means of this feedback 
arrangement the oxygen content of the deposited 
film can be adjusted to the desired value. 

In the present case, where the defect oxide is 
of the general formula L a A b B c 0 7 . x (where B is cop- 

30 per), the control unit 10 may determine the oxygen 
content of the layer 15 being deposited by compar- 
ing the reflectance spectrum of the layer 15 de- 
tected by the detector 9 with that of a control 
sample, for example a bulk sample, of the defect 

35 oxide material having the desired oxygen content 
by, for example, looking for features in the spec- 
trum characteristic of the oxidation state of copper. 

As an alternative or in addition to the above, 
the oxygen content of the layer 1 5 being deposited 

40 may be monitored via the electrical properties of 
the layer, for example by measuring the resistivity 
or magnetic susceptibility of the layer 15. Thus, as 
an example, the optimum resistivity at room tem- 
perature for obtaining YBa2Cu 3 0 7 . x which is super- 

45 conducting at 90-1 00K is a few milli-ohm-cm, the 
resistivity being much higher if the oxygen content 
of the layer being deposited is too high or too low 
to obtain the desired high temperature supercon- 
ductor. The oxygen content of the layer 15 being 

so deposited can therefore be adjusted to that desired 
by monitoring the resistivity and comparing the 
detected resistivity with the required resistivity to 
provide a feedback control signal for enabling ad- 
justment of the oxygen pressure and/or the inten- 

55 sity (or duration) of the electromagnetic radiation 
from , the first source 6 to achieve the required 
resistivity. It may also be possible if the sputtering 
or evaporation apparatus can be maintained below 
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the desired superconducting temperature to moni- 
tor the oxygen content of the layer 15 by monitor- 
ing the transition to superconductivity. 

Figure 2 illustrates schematically apparatus for 
carrying out a second embodiment of the method 
wherein the oxygen-annealing is conducted after 
formation of the compound which will become 
superconductive upon proper annealing, but at a 
lower temperature and for a shorter time than was 
required by the known techniques. 

The apparatus illustrated in Figure 2 comprises 
an image head 30 having a pair of elliptic reflectors 
20 with an ultra violet lamp 21 placed at the focus 
of each reflector 20. The reflectors 20 are each 
part-cylindrical with the axis of each cylinder per- 
pendicular to the plane of the paper having, as 
shown, in cross section the shape of part of an 
ellipse and the lamps 21 are tubular so that a 
coincident line image 19 is formed at the plane of a 
sample 22 to be processed. A viewing system 24, 
for reflectivity or emissivity measurements, is 
placed in the gap between the two reflectors 20. A 
set of bias lamps 25 provides a suitable ambient 
temperature, for example 80 to 100 degrees Cel- 
sius with the focussed ultra-violet lamps 21 provid- 
ing the energy required for photolytic breakdown of 
the oxygen flowing through a quartz chamber 26 in 
which the sample 22 is placed. The inlet for the 
oxygen is indicated by numeral 27, and the outlet 
by 28. The quartz chamber 26 is transparent to the 
ultra-violet radiation. The bias heater 25 provides 
an ambient elevated temperature for the sample to 
avoid thermal shock when the ultra-violet lamps 21 
are switched on and off. 

In a specific example, which is not to be con- 
sidered limiting, for a 5 micrometre thin film of 
YBa2Cua07. x prepared in the conventional manner, 
with 0 < x < 0,5, the oxygen flow rate was 15 to 30 
standard cubic feet per hour (0.43 to 0.85 m 3 per 
hour) the bias temperature was 80C, the maximum 
sample temperature during the anneal was 475C± 
10C, a moderate temperature compared with the 
prior art annealing temperature, and with an overall 
anneal time of 200 seconds for a 1 cm X 1 cm 
sample. During this period, the line image was 
scanned across the sample at a scan rate of .0 5 
mm/s, achieved by moving the image head 30 in 
the direction indicated by arrow 31. After conclu- 
sion of the annealing treatment, it was found that 
the sample exhibited superconductivity which it 
had not prior to the annealing treatment. The T c 
was 82K. As an indication of the improvement 
obtained, if the normal prior art annealing treatment 
were carried out for this sample, it would have 
required a total anneal time of at least 4 hours at 
950C. 

The above described methods may be used to 
correct the oxygen content of a layer deposited on 



a substrate by evaporation and/or sputtering from a 
bulk sample having the correct oxygen content for 
superconductivity or having an oxygen content 
which is not quite correct. 

5 The above described methods may be applied 

to other high temperature superconductor mixed 
oxides of the general formula L a A b B c 07- K (where L 
is one or a mixture of two or more of the elements 
in the group consisting of the lanthanides and 

io yttrium, A is selected from the group consisting of 
calcium, strontium and barium or a mixture of two 
or all the group, B is copper and 0 < x < 1) to 
facilitate the precise control of the oxygen defi- 
ciency required for these mixed defect oxides to 

75 be high temperature superconductors. 

The methods described above may also be 
used with other high temperature superconductor 
defect oxides, such as LaaCuO* : (Ba, Sr) and with 
defect oxides which are not necessarily high tem- 

20 perature superconductors such as BaPbi. x Bi x 03 
niobium doped SrTi03 lithium niobate, bismuth sili- 
con oxide, tungsten bronzes. 

Also, a method embodying the invention may 
be applied where the bulk material is deposited on 

25 the substrate by evaporation spray pyrolysis or 
plasma spraying. Furthermore, a method embody- 
ing the invention may be used to adjust the oxygen 
content of an already formed film or layer espe- 
cially where the already-formed film or layer com- 

30 prises a porous layer or film of high temperature 
superconductor defect mixed oxide as the porosity 
of the film or layer should facilitate incorporation of 
oxygen. Further, although in the method described 
above the first electromagnetic radiation source 

35 causes photolytic dissociation of the oxygen-con- 
taining gas to provide oxygen atoms, it may be 
arranged to provide oxygen ions or radicals. 

From reading the present disclosure, other 
modifications will be apparent to persons skilled in 

40 the art. Such modifications may involve other fea- 
tures which are already known in the formation of 
oxide layers on substrates and which may be used 
instead of or in addition to features already de- 
scribed herein. Although claims have been formu- 

45 lated in the application to particular combinations of 
features, it should be understood that the scope of 
the disclosure of the present application also in- 
cludes any novel feature or any novel combination 
of features disclosed herein either explicitly or im- 

so plicitly or any generalisation or modification of one 
or more of those features whether or not it relates 
to the same invention as presently claimed and 
whether or not it mitigates any or all of the same 
technical problems as does the present invention. 

55 
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Claims 

1. A method of forming an oxide layer on a 
substrate, which method comprises supplying an 
oxygen-containing gas to a chamber containing a s 
substrate, providing defect oxide material within the 
chamber and irradiating the substrate with an elec- 
tromagnetic radiation source to cause photolytic 
dissociation of the oxygen-containing gas to pro- 
vide oxygen atoms in the vicinity of defect oxide 10 
material within the chamber so that oxygen atoms 

are incorporated in the defect oxide material to 
provide a layer of defect oxide material with a 
desired oxygen content on the substrate, 

2. A method according to Claim 1 , which com- is 
prises using an ultra-violet source as the elec- 
tromagnetic radiation source. 

3. A method according to Claim 1 or 2. which 
comprises providing the defect structure oxide ma- 
terial as a layer on the substrate. 20 

4. A method according to Claim 1 or 2. which 
comprises providing the defect oxide material by 
causing defect oxide material to be deposited onto 
the substrate whilst irradiating the chamber to 
cause photolytic dissociation of the oxygen-con- 25 
taining gas to provide oxygen atoms to be incor- 
porated in the material being deposited. 

5. A method according to Claim 4 which com- 
prises sputtering the defect oxide material onto the 
substrate. 30 

6. A method according to Claim 4, which com- 
prises using spray pyrolysis or plasma spraying to 
deposit the defect oxide material onto the sub- 
strate. 

7. A method according to Claim 1 or 2, which 35 
comprises using detecting means to provide a sig- 
nal indicating the oxidation state of defect oxide 
material on the substrate, and supplying the signal 

to control means for controlling the electromagnetic 
radiation source and/or the supply of oxygen-con- 40 
taining gas. 

8. A method according to Claim 7, wherein the 
detecting means comprises a further electromag- 
netic radiation source directed at the substrate and 
means for detecting electromagnetic radiation from 45 
the further electromagnetic radiation source reflect- 
ed from the defect oxide material on the substrate. 

9. A method according to claim 1 or 2 which 
comprises using detecting means to provide a sig- 
nal indicating the resistivity and/or the magnetic 50 
susceptibility of the defect oxide material on the 
substrate and supplying the signal to control 
means for controlling the electromagnetic radiation 
source and/or the supply of oxygen-containing gas. 

10. A method according to claim 1 or 2, 55 
wherein the defect oxide material comprises a 
mixed oxide. 



11. A method according to Claim 10. wherein 
the defect oxide material is selected so that the 
layer of defect oxide material with the desired 
oxygen content has high temperature superconduc- 
ting properties. 

12. A method according to Claim 11, wherein 
the defect oxide material comprises oxides of cop- 
per and one or more of the elements of the group 
consisting of the lanthanides and yttrium. 

13. A method according to Claim 12, wherein 
the mixed oxide is of the general formula L a A b B c 0 7 . 
x , where L is selected from the group consisting of 
yttrium and the lanthanides A is selected from the 
group consisting of strontium, barium and calcium 
B is copper, x lies in the range 0 < x < 1 and a, b, 
c, indicate relative proportion of L, A, B. 

14. A method according to Claim 13, wherein 
the mixed oxide YBa2Cu3 0 7 . x and the method 
comprises irradiating the substrate to cause dis- 
sociation of the oxygen-containing gas to provide 
on the substrate a layer of the mixed oxide for 
which x is less than or equal to 0.1 or 0.2. 

15. A method according to Claim 1, wherein 
the oxide layer is heated to a moderate tempera- 
ture, and the radiant source comprises an ultra- 
violet lamp focussed to a line image at the oxide 
layer. 

16. A method according to Claim 15, wherein 
the line image is scanned across the oxide layer. 

17. A method according to Claim 15, wherein 
the temperature is of the order of 400C. 
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